ABSTRACT: The histology of an external mantle growth in 1 of 500 Modiolus kurilensis from a heavily polluted area of Amursky Bay, Sea of Japan, was descnbed. The growth consisted of subepithellal basophilic mucous cells containing glucosaminoglycans, eosinophillc large-granular cells with proteins and neutral polysaccharides, and mixed (acid + neutral mucopolysaccharides) cell types. Some subepithelial eosinophilic and basophilic gland cells were dividing and seemed to be the source of tumor growth. The mitotic index of growth cells reached 0.5% on some growth sections; however, many mitoses were pycnotic. The emergence of the tumor on the mussel mantle is probably related to a compensatory or regenerative hyperplasia of subepithelial mucous cells.
Mitotlc index
External polypoid growths consisting of epithelia1 gland cells have been found on the foot or the mantle of some freshwater and marine gastropod and bivalve molluscs (Pauley 1967 , Sparks 1985 . Growths were usually hyperplastic and rarely neoplastic (Pauley & Sayce 1972) . This paper decribes the histology of an external mantle hyperplastic polypoid growth of Modiolus kurilensis from Amursky Bay, Sea of Japan, and cell sources of its emergence are discussed.
Materials and methods. 400 mussels Modiolus kurilensis (Modiolus difficilis) were collected in March 1990 March , 1991 March , 1994 March , 1996 from Amursky Bay, Sea of Japan, within the city precincts of Vladivostok, from the areas Pervaj a n d Vtoraya Rechka, which a r e heavily polluted by industrial and domestic sewage (Elyakov 1992 , Tkalin e t al. 1993 , and 100 n~ussels were collected in August 1995 in the relatively clear area of Vostok Bay, Sea of Japan. The external mantle tumor and its underlying tissues were fixed in phosphate buffered 10% neutral formalin with 3 % NaCl for 36 h at 4°C. Paraffin sections (4 to 5 pm thick) were stained with either Mayer's hematoxylin and eosin (H&E) or methylene blue for histological differentiation. Alcian blue was further used in combinations with Periodic Acid-Schiff solution (PAS) for differentiation of neutral and acid mucopolysaccharides (acid and neutral MPS) and fast green at pH 2.2 for total proteins (Pearse 1968) .
The mitotic index (MI) was determined in cells of the growth (per 7000 cells) and in cells of protective epithelium above and near the growth (per 15 000 cells and per 58 000 cells, respectively) and in subepithelial mucous cells (per 10000 cells) upon examination of 7 to 13 mantle sections.
Results. A soft external horn-shaped growth of a reddish colour was revealed in 1 large old mussel (shell length about 13 cm) from Vtoraya Rechka Inlet in 1990. This unencapsulated growth, approximately 5 X 3 mm in size, was located in the area of the mantle edge where 2 opposing mantle lobes a n d the gills fuse ( Figs. 1 & 2) . Many areas of the growth had a n incomplete and necrotic, ciliated epithelium covering with vacuolated cell cytoplasm and hyperchromic nuclei (Fig. 3a) . The mantle epithelium near the growth was normal, but apical cell cytoplasm had conspicuous basophihc grains.
The growth consisted of masses of basophilic and eosinophilic cells arranged in small nodules surrounded by thin fibrous strips; there was a large nodule at the base of the growth. Most of the growth was composed of large basophilic alcianophilic vacuolated were revealed in the mantle of both growth-bearing mussels ( Fig. 3b, d ) and non-growth-bearing mussels. Some of these ~~nicellular subepithelial glands had ducts. Mixed-type cells were found only in the growth itself.
At high magnification under the microscope prophases and prometaphases were found in basophilic and eosinophilic cells, mainly in the large nodus of the growth base; no obvious anaphases or telophases were found. Mitotic forms were often small, shrunken and pycnotic, which is why mitotic cells in the growth were hard to distinguish. The M1 of the growth cells ranged from 0 to 0.5 % on some sections of the growth; the M1 of cells of the protective epithelium above the growth No growth cells were found in the hemal sinuses or vessels of the mantle tissues. The muscle and connective tissues of the mussel mantle were not affected; however, the epithelium of the gill filaments was incomplete. Furthermore, no recognisable parasites were found.
Discussion. The external mantle growth examined was a n abnormal accumulation of cells containing mainly acid, but also neutral and mixed mucopolysaccharides, and showing clear homology with mucous cells in the subepithelial layer of the mantle in both diseased mussels (Fig. 3b, d ) and non-tumor-bearing mussels. Undifferentiated cells were not found in the growth. Dividing differentiated mucous cells seemed to be a source of the tumor growth.
Neoplastic lesions also dellved from the mantle epi- (Fig. 3b) which, when metachromatically stained had no glandular tubules and deep crypts of mantle with methylene blue, became lilac in color and which epithelium were found only at the base of the tumor. In contained mainly glucosaminoglycanes, a small quanaddition, the lesion was not invasive and, probably, its tity of neutral polysaccharides and a few protein grancell proliferation was controlled, because anaphases ules. Eosinophilic large-granular cells were clearly and telophases were pycnotic. Although the polypoid stained blue with methylene blue and contained promantle growth on the Modiolus kurilensis examined teins and neutral polysaccharides. They were often had no muscular core or stalk, it was the same type as compressed by swollen basophilic cells in the body of the polypoid growths on the foot of the freshwater the growth. Cells had hyperchromic or pycnotic nuclei, mussels Anodonta cygnea, A. californiensis and Marespecially in the marginal areas of the growth. Small garitifera margaritifera, which also typically showed a nodules of eosinophilic large-granular cells were also heavy concentration of basophilic epithelial cells found under the growth among bundles of the mantle beneath the epithelium (Pauley 1967 (Pauley , 1968 (Pauley , 1969 . The muscle (Figs. 2 & 3c ) near cross sections of invaginacontent of the glandular cells of the mussel growth was tions of the epithelium covering. There were also similar to that of hyperplastic growth in the gill of numerous cells containing a mixture of acid and neuPseudanodonta complanafa (Peccarinen 1993) ; howtral MPS. Large accumulations of vacuolized basoever, the cell morphology of these growths differed philic cells and of large-granular eosinophilic cells considerably. An incomplete epithelia1 covering of the growth, necrosis and detachment of the cells in marginal areas of the tumor (Fig. 3a) , and numerous cells with hyperchromic or pycnotic nuclei in the body of the tumor indicate that the growth on the mantle was probably in a state of chronic irritation and/or injury. There were no indications of inflammation of the central areas of the Modiolus kurilensis mantle, but irritation of the epithelium covering was obvious.
Irritation of the mantle epithelium may be related to the greatly polluted conditions of the mussel habitat (Elyakov 1992) and the ability of these organisms to store high concentrations of heavy metals in their soft tissues (Shulkin & Kavun 1995) . The sampling areas in Amursky Bay had a low oxygen content and high levels of suspended solid particles and pollutants including the metals Mn, Zn, Cu, Pb, Cd, Ni, petroleum and chlorinated hydrocarbons, and detergents (Khristoforova et al. 1993 , Tkalin et al. 1993 , Shulkin & Kavun 1995 . One clear cellular response of mussels to heavy metal exposure is increased mucus production because mucus is one of the effective agents for the depuration of metals in mussels (Scott & Mayor 1972 , D'Silva & Kureishy 1978 , Sunila 1981 , Hietanen et al. 1988 , Sze & Lee 1995 . Probably, the cells of the mantle epithelium of mussels Modiolus kurilensis from highly polluted areas have to secrete higher than average amounts of mucus, which results in an increased number of subepithelial mucus glands. Tan & Lim (1984) also assumed that the number of mucus glands in Pbtreated Perna vindis mussels increased. In addition, Lichtenfels et al. (1996) found that water pollution resulted in a chronic inflammatory process and high levels of mucus secretion in fish gills. We think that unknown abnormal stimuli or complex environmental stress factors (the presence of particles, heavy metals, hydrocarbons or detergents) may provoke hyperplastic proliferation of mucous cells under epithelium in the mantle of M. kurilensis. Excessive hyperplasia of subepithelial mucous cells was found in only 1 sample; however, numerous aggregates of mucous cells were observed in many mussels from Amursky Bay. Probably, the emergence of the tumor on the mussel mantle is related to a compensatory or regenerative hyperplasia of subepithelial mucous cells, although this hyperplasia is insufficient to affect the neoplasia. Saldiva PHN (1996) Effects of water-pollution on the gill apparatus of fish. J Comp Pathol 115:47-60 Lobe1 P (1981) Zn in mussels from a n lron pipe. Mar Pollut Bull 12:410-411 Pauley GB (1967) Four freshwater mussels (Anodonta californiensis) wlth pedunculated adenomas ansing from the foot. J Invertebr Pathol 9:459%466
